Definite research for the causative factors in the nutritional disturbance known as rickets was begun by various observations as to its distribution and occurrence. In 1890 T. A. Palm (1) showed by a geographical survey that lack of sunlight seemed to be one of the chief factors in the causation of rickets. This led to the use of the sun bath in the treatment of rachitic children. In 1914 Rollier also mentioned rickets as amenable to sunlight therapy but did not discuss the possible role played by ultra-violet rays in calcium metabolism. Later the work of Finsen demonstrated that the portion of sun light spectrum of greatest therapeutic value lay in the ultraviolet zone. Hess (2) in 1918 demonstrated that the prevalence of rickets in the negro race could be accounted for in part at least by the factor of diet, as well as the role of fat-soluble vitamin and its relation to rickets. McCollum (3) and others demonstrated that rickets can be produced in animals if fed on a diet containing an excess of calcium but deficient in phorphorus and vice versa. It is now established by the work of many investigators that there are four factors: calcium, phosphorus, vitamin D and light rays, lack of any one of which plays an important part in the production of rickets. More recent studies of McCollum and Huldschinsky (4) the have shown prophylaxis that and ultra-violet treatment rays from of rickets.
artificial
It has sources are of value in been definitely shown that rickets ultra-violet can be prevented in animals if they are routinely exposed to radiation, while being fed on a diet unbalanced in calciumphosphorus content, but otherwise adequate for growth.
Our present problem is to present additional evidence in confirmation of the previous findings, using a dietary somewhat more deficient in calcium and phosphorus than that used in previous experimental work. Former observations had demonstrated that the diet was below the optimum in phosphorus and calcium. Our problem was to determine if the radiations from the air-cooled mercury vapor lamp were sufficient to prevent rickets in rats fed solely on this deficient diet. A distance of 36 inches was selected for radiation, since the work of Hess and Weinstock (5) has shown that ultra-violet rays of wave lengths from 2654 to 3022 Angstrijm units are of greatest prophylactic value in rickets.
The comparative findings in the three groups of each experiment were checked by daily observations, autopsy findings, x-ray studies and histological sections as in the previous work of Hess (5) and McCollum (6) . In addition total chemical analyses were made to determine the calcium retention influence of the radiations given without filter at this distance, which eliminates rays shorter than those of proven value in this connection.
The rats in these experiments were divided into three groups: A, B and C. Those in group A, being on normal diet, were kept as controls. B and C were placed on a rickets-producing diet; group B was kept in ordinary room light and C was given systematic ultra-violet radiations. When the rats were 170 days old, the experiments were terminated to permit a systematic study of the bone condition in all groups, as outlined in the previous paragraph. The ultra-violet light exposures were given at a constant distance of 36 inches and the rats were so arranged in the cages that the dorsal half of the body was exposed to the rays. This 36 inch distance gave ultra-violet radiations of greatest intensity in the region of 3000 Angstrom units and eliminated the undesirable effect of the shorter chemical rays. The mini-mum amount of conjunctivitis shorter and more irritating rays.
was due doubtless to Beginning with two each week, the time was gradually increased by increments, until toward the termination of the the absence of the minutes three times one and later two minute experiment the total time of each exposure was 60 minutes in the first experiment and 50 minutes in the latter. It efficiency, as it 1S assumed that the ultra-violet .so used for therapeutic decreased in had been al lamp had purposes. Selection of diet. Rats of the same age and approximately the same weight were selected for the experiments and the diets used were based on the Osborne and Mendel "synthetic" food with some modifications. The control diet contained slightly less than what McCollum (6) considers an optimum of both calcium and phosphorus but was entirely adequate for normal growth in group A. The contrast in growth between groups B and C on the rachitic diet is graphically illustrated in the weight chart. No vitamin D in the form of cod liver oil was furnished in either diet but a deficiency of this factor is of importance chiefly where the calcium or phosphorus is below optimum. The diets differed only in the composition of the salt mixture (7) used, but that was sufficient to reduce both calcium and phosphorus far below the minimum requirements for normal growth in the deficient diet. Distilled water only was furnished to all experimental animals. The general condition of the rats on the deficient diet poorer than the normal. The eight rats receiving the ultra-vi however, t'he same appeared brighter, more lively an diet kept in ordinary room light.
was much olet light, .d had better fur tohan those on All rats on the experiment were kept in an ordinary room where the little sunlight which entered was filtered through glass, which as shown in the experiments by Hess and Weinstock (5) Since the ultra-violet radiation seemed to benefit the animals in various ways, and x-ray photographs showed an increased calcification, it seemed advisable to determine the comparative calcium content of these animals. W. B. Lewis of the Chemistry Department made total calcium determinations by a modified Halverson and Bergheim (8) method on several of the rats from each group. The results are shown in the accompanying table correlated with the calcium and phosphorus content of the diet. It is evident that the ultra-violet light must have been responsible for the increased retention of calcium, since no other difference in diet or environment existed between the rats on deficient diet. Careful autopsy examinations were made on all rats not used for total calcium determinations.
Those on the control diets were practically normal. Those on the deficient diet kept in an ordinary room showed definitely beaded ribs, curvature of spine, stunted growth and enlarged spleen. Rats on the deficient diet receiving ultra-violet treatment showed no beading in three cases and very slight on the right side of the fourth. Two of group C, that died before the completion of the experiment, seemed to have suffered from an internal hemorrhage.
Enlarged spleen was a rather constant finding in all the animals on this experiment. this experiment were made in two stages for comparative observation of bony structure, special attention being given to the epiphyseal ends and shafts of the long bones. The first x-ray studies were made during the fourth week of the experiment.
Even at this early period we found rather marked difference in size (total skeletal structure) and changes in epiphyseal areas. There was uniformly a retarded skeletal development in group B. Spinal curvature and rib changes were present and there was appreciable epiphyseal enlargement.
The total enlargement may not be visualized because of a lack of calcium deposit.
These changes were so minimal in group C that they could easily have been confused with the normal or control group except for the epiphyseal enlargements of the tibia and femur.
The second roentgenographic studies were made at the time of terminating the experiment.
In these films the comparative findings were much more evident.
In the rachitic group B, the skeletal development was markedly below par. Spinal curvatures, beaded ribs and epiphyseal enlargements were uniformly present.
In the long bones of this group there were areas of rarefaction and the porosity at the epiphysis gave the bony structure a spongy appearance.
In group C the cortex of the bone shaft is well formed and symmetrical.
The epiphysis while somewhat enlarged had a definitely formed line separating the shaft and the cartilage, as shown in the photographs.
The metaphyseal line was irregular and ill defined in group B and there was a much wider intervening zone between shaft and cartilage. The more definite line in group C was characteristic of healing rickets and compared favorably with the clean-cut line seen in the same zone in the control group A.
The characteristic abdominal distention occurring in all animals on rachitic diet was observed.
X-ray study showed it to be due to a rather uniform distention of the gastro-intestinal tract.
We were unable to observe any evidence of beneficial effect of light therapy in relieving this condition in these animals.
Histology.
The sections chosen for histologic study were taken from the proximal end of the tibia and the distal end of the femur.
Represmtative sections were made from the three groups.
In group B the set tions showed a very thin spongy bone cortex, as compared with the normals in A. The bone trabeculae were small and less numerous while the intervening spaces were larger than in the other two groups and the transition zone much broader.
There was a minimum amount of calcification in all sections studied in B, while in C the process of calcification (bone formation) approached so near the normal as to be hardly distinguished from the sections in group A, except that cartilage cells were slightly more numerous in the bone trabeculae, giving the appearance of a widened transition. There No. 836. Rat on same diet and conditions as no. 833 except given ultraviolet radiations. C. Corresponding joint from rat on rachitic diet given ultra-violet radiation. B. Microphotograph of section of metaphyseal zone in rachitic animal. Note broad transition zone.
C. Microphotograph of metaphyseal zone of tibia in rat on rachitic diet, given ultra-violet radiation.
"Line test" of McCollum comparable to that of normal bone in A.
of the other two groups, giving the typical appearance of rachitic bone. In sections of group C, the osteogenic spicules were as numerous and presented apparently the same amount of calcium deposit as in normal sections. From microscopic study the sections in group B were typical of bone formation in severe rickets. Group C could be classed as well healed early rickets. It is evident that the ultra-violet radiations in this experiment were sufficient to prevent the continued development of rachitic bone processes in all sections studied. The so-called "line test" of McCollum (9) seems to be well defined in these sections. SUMMARY 1. A diet deficient in calcium, phosphorus and vitamin D was used to produce a rachitic condition in rats while the control diet contained optimum amounts of both calcium and phosphorus.
2. The ultra-violet light exposures were given at constant distance, 36 inches, the time factor being increased as rapidly as previous experience and the condition of the animals indicated advisable.
3. Daily observations of growth and general condition showed group A normal; group the normal. B stunted and deformed; and group C closely approaching 4. Total calcium determinations showed an average of 3.009 per cent of calcium in group A; 2.01 per cent in group B; and 2.5 per cent in group C. This and the general findings indicate at least a 50 per cent improvement as a result of the radiation.
5. Autopsy examinations showed definite rachitic condition in group I3 with marked improvement in group C.
6. Roentgenographic studies made early and at the close of the experiment showed normal bone in group A, definite rachitic changes in the bones of group B, and evidence of healing rickets in group C.
7. Histological studies confirmed the so-called "line test" of McCollum, showing the healing effect of the ultra-violet radiation.
8. Ultra-violet light not only aids in healing of rickets caused by deficiency of either phosphorus or calcium, as shown by other workers, but causes a retention of calcium when both factors are deficient and a consequent beneficial effect on the skeletal development and the organism as a whole.
